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METHOD AND SYSTEM FOR
CONTROLLING AIR-INTERFACE
RESOURCE AVAILABILITY THROUGH

DYNAMIC CONFIGURATION OF ANTENNA
STRUCTURES

REFERENCE TO RELATED APPLICATION

This 1s a continuation of U.S. patent application Ser. No.
16/373,3335, filed Apr. 2, 2019, the entirety of which 1s
hereby incorporated by reference.

BACKGROUND

A cellular wireless network typically includes a number of
base stations that are configured to provide wireless cover-
age areas, such as cells and cell sectors, in which user
equipment devices (UEs) such as cell phones, tablet com-
puters, tracking devices, embedded wireless modules, and
other wirelessly equipped communication devices (whether
or not user operated), can operate. In turn, each base station
could be coupled with network infrastructure that provides
connectivity with one or more transport networks, such as
the public switched telephone network (PSTN) and/or the
Internet for instance. With this arrangement, a UE within
coverage ol the network could engage 1n air interface
communication with a base station and could thereby com-
municate via the base station with various remote network
entities or with other UEs served by the base station.

Such a network could operate 1 accordance with a
particular radio access technology, with air-interface com-
munications from the base stations to UEs defining a down-
link or forward link and air-interface communications from
the UEs to the base stations defining an uplink or reverse
link.

Over the years, the mndustry has embraced various gen-
erations of radio access technologies, 1n a continuous eflort
to 1increase available data rate and quality of service for end
users. These generations have ranged from “1G,” which
used simple analog frequency modulation to facilitate basic
voice-call service, to “4G”— such as Long Term Evolution
(LTE), which facilitates mobile broadband service using
technologies such as orthogonal frequency division multi-
plexing (OFDM) and multiple mput multiple output
(MIMO). And most recently, the industry 1s now exploring
developments 1 “3G” and particularly “5G NR” (3G New
Radio), which may use a scalable OFDM air interface,
advanced channel coding, massive-MIMO, beamiorming,
and/or other features, to support higher data rates and
countless applications, such as mission-critical services,
enhanced mobile broadband, and massive Internet of Things
(IoT).

In accordance with some radio access technologies, each
coverage area could operate on one or more carriers, each of
which could be frequency division duplex (FDD), defining,
separate frequency channels (each with respective a band-
width and center frequency) for downlink and uplink com-
munication, or time division duplex (TDD), with a single
frequency channel (having a single bandwidth and center
frequency) multiplexed over time between downlink and
uplink use.

Further, on the downlink and uplink, the air interface of
the coverage area on each of one or more carriers could be
structured to define a set of resources for carrying informa-
tion between the base stations and UEs. For example, under
some radio access technologies, the air interface could be
divided over frequency into subcarriers and over time into
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frames, subirames, timeslots, and symbol time segments. As
such, the air interface could define an array of resource
clements each occupying a subcarrier and a symbol time
segment, and the subcarrier of each resource element could
be modulated to carry data. The resource elements within
cach timeslot on the carrier could then be grouped to define
physical resource blocks (PRBs) that could be allocated for
use to carry information on as as-needed basis.

OVERVIEW

Under various radio access technologies, MIMO technol-
ogy can enable a base station to engage in air interface
communication concurrently on multiple different radio-
frequency (RF) propagation paths, or MIMO “layers,” with
multiple layers possibly occupying the same air interface
resources (e.g., PRBs and associated subcarriers) as each
other.

To facilitate this, the base station could be equipped with
a MIMO antenna array, comprising multiple transmit anten-
nas and multiple receive antennas. By suitably weighting
and precoding transmissions by particular antennas in the
array, the base station can then output separate but concur-

rent transmissions for receipt by its served UEs.

MIMO service could be used in a single-user MIMO
(SU-MIMO) configuration to increase the data rate of trans-
mission to a single UE, by multiplexing communications to
the UE onto multiple separate layers using the same air-
interface resources as each other. For instance, when a base
station has data to transmit to a UE, the base station could
time-division-multiplex the data into multiple data streams,
the base station could modulate the data streams onto the
same PRBs as each other, and the base station could output
the modulated data streams onto separate antenna ports for
concurrent transmaission on separate respective propagation
paths to the UE. In practice, the UE could have two or more
antennas, and the UE could estimate the channel distortion
at each of 1ts antennas and use the estimates to separately
compute and uncover each of the base station’s transmit
signals. In theory, SU-MIMO could thus increase the data
rate of communication to a UE by a multiple equal to the
number of propagation paths, without requiring use of
additional air-interface resources.

Further, MIMO can also be used in a multi-user MIMO
(MU-MIMO) configuration to increase the data capacity of
the air interface by allowing communications to multiple
UEs to use the same air-interface resources as each other.
For instance, a base station can modulate data streams
destined to each of multiple UEs on the same PRBs as each
other and can transmit the modulated data streams on a
separate respective propagation paths for receipt by the
different UEs. To {facilitate this, the base station could
pre-code transmissions on each propagation path using
weighted coeflicients based on channel estimates from the
UEs, 1n a manner that enables each UE to remove cross-talk
and receive its intended data. In theory, MU-MIMO could
thus increase the data capacity of the air interface by
allowing a base station to serve more UEs at a time without
requiring use of additional air-interface resources.

To enable UEs to provide channel estimates respectively
for each such propagation path so as to facilitate downlink
MIMO service, the base station could make use of special
downlink reference signals. In particular, the base station
could transmit a distinct downlink reference signal respec-
tively from each of the base station’s antennas. And the base
station could engage in signaling with UEs to cause the UEs
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to determine channel characteristics of certain of these
reference signals and to report the results to the base station.

The base station could configure each such reference
signal to occupy a respective set of the resource elements
defined by the air interface. For instance, the reference
signal that the base station transmits from a given antenna
could be provided on certain predefined subcarriers within
certain predefined symbol time segments per timeslot. Fur-
ther, the reference signal that the base station transmits
respectively from each antenna could be configured to
occupy different such resource elements than the reference
signal that the base station transmits respectively from each
other antenna. And to help avoid or mimimize interference
between these reference signals, the base station might
configure transmission from each antenna to blank out (e.g.,
zero-out, or not use) the resource elements that are used for
reference-signal transmission from the other antenna(s).

Unfortunately, however, this reference-signal arrange-
ment could result 1n decreased air-interface capacity,
because the resource elements that are used for transmission
of reference signals would not be available for use to
modulate other information, such as user data or control
signaling. In turn, this decreased air-interface capacity could
lead to degraded performance, such as lower throughput,
and associated user-experience 1ssues.

Further, this problem may be worse for a base station that
1s configured with a great number of antennas, as the great
number of antennas could require a great number of respec-
tive reference signals, which could result in substantial
resource-clement consumption. For instance, the problem
might be particularly significant where a base station 1mple-
ments a massive-MIMO antenna array.

While a traditional MIMO antenna array may include on
the order of 2 to 8 antennas, a massive-MIMO antenna array
would include many more antennas, perhaps on the order of
tens, hundreds, or even thousands of antennas. For instance,
a representative massive-MIMO antenna array could include
128 antennas, of which 64 might be configured as transmuit
antennas and the other 64 might be configured as receive
antennas. With this arrangement, 1t 4 transmit antennas are
used per layer, the massive-MIMO antenna array might
support on the order of 16 layers, to facilitate concurrent
transmissions to up to 16 UEs (e.g., 8 UEs with 2 lavers
apiece, or 16 UEs with 1 layer apiece) or transmission to a
single UE with up to 16 layers, among other possibilities.
However, 1 the base station provides numerous distinct
antenna paths and would need to recetve UE channel esti-
mates to facilitate MIMO and/or beamiorming service, the
base station may need to provide numerous distinct refer-
ence signals, which may result 1n significant resource-
clement consumption and significant associated capacity
1Ssues.

Disclosed herein 1s an improvement to help address this
1ssue.

In accordance with the disclosure, a base station or an
associated control entity could determine when base sta-
tion’s air interface on one or more carriers 1s threshold
highly loaded or i1s predicted to be threshold highly loaded
and could responsively reduce the number of transmit anten-
nas that the base station uses. Further, the base station or
associated control entity could determine when the base
station’s air interface 1s no longer actually or predicted to be
threshold highly loaded and could responsively increase the
number of transmit antennas that the base station uses, such
as by reverting the base station to use a default number of
antennas.
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For instance, at a time when the base station’s air interface
has or 1s predicted to have threshold high resource utiliza-
tion, the number of transmit antennas used by the base
station could be reduced from 64 to 32, from 32 to 16, from
16 to 8, from 8 to 4, or from 4 to 2, among other possibilities.
And at a time when the base station’s air interface has or 1s
predicted to no longer have threshold high resource utiliza-
tion, the number of transmit antennas used by the base
station could be reverted to a default number.

Reducing the number of transmit antennas used by the
base station when the base station’s air interface 1s threshold

highly loaded could result 1n a reduction of the number of

associated reference signals that the base station transmuts,
which could therefore result 1n a reduction of the associated

resource-clement consumption and in an increase in avail-

able air-interface capacity.

To facilitate this, the base station or an associated control
entity could track the base station’s air-interface resource
utilization per time of day and, based on that data, could
develop a prediction of times of day when the resource
utilization will be at various levels, such as when 1t will be

threshold high. The base station or associated entity could
then apply that prediction to determine that at a current or
approaching time of day, the base station 1s likely to have a
particular level of resource utilization. Alternatively, the
base station or associated entity could determine an actual
current level of the base station’s air-interface resource
utilization, such as an average utilization over a most recent
sliding window for instance.

Upon detecting (actually or by prediction) that the base
station has particular level of air-interface resource utiliza-
tion, the base station could then responsively configure 1tself
to use an associated number of transmit antennas. For
instance, upon detecting that the air-interface resource uti-
lization 1s threshold high, the base station could disable a
proper subset (less than all) of 1ts transmit antennas, such as
by powering-oil a power amplifier associated with each such
transmit antenna, while leaving a remainder of the base
station’s transmit antennas enabled (e.g., leaving their asso-
ciated power amplifiers powered on). And upon detecting
that the air-interface resource utilization 1s no longer thresh-
old high, the base station could re-enable each such disabled
transmit antenna.

With an antenna array, disabling a proper subset of the
transmit antennas while leaving a remainder of the transmit
antennas enabled results 1n a reduction 1n effective size of
the massive-MIMO array. For instance, 11 the array has 64
transmit antennas, the array could be considered to have a
first effective array size of 64 transmit antennas. Whereas,
with a proper subset of those antennas disabled, the massive-
MIMO array may be considered to have a second eflective
array size smaller than the first eflective array size.

These as well as other aspects, advantages, and alterna-
tives will become apparent to those of ordinary skill 1n the
art by reading the following detailed description, with ret-
crence where approprniate to the accompanying drawings.
Further, it should be understood that the descriptions pro-
vided 1n this overview and below are intended to 1illustrate
the mvention by way of example only and not by way of
limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified block diagram of a wireless com-
munication system in which various disclosed features can
be implemented.
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FIG. 2 1s a simplified diagram of example antenna arrays
that could be implemented 1n the context of the disclosure.

FIG. 3 1s a simplified circuit diagram depicting an
example RF chain for a respective antenna structure of the
example antenna array.

FIG. 4 1s a simplified 1illustration of a portion of an
example subirame, depicting how resource-clement con-
sumption could increase as the base station uses more
transmit antennas.

FIG. 5 1s a flow chart depicting example operations in
accordance with the disclosure.

FIG. 6 1s another flow chart depicting example operations
in accordance with the disclosure.

FI1G. 7 1s a simplified block diagram of a system operable
in accordance with the disclosure.

DETAILED DESCRIPTION

Referring to the drawings, as noted above, FIG. 1 1s a
simplified block diagram of an example wireless commu-
nication system in which various disclosed features can be
implemented. It should be understood, however, that numer-
ous variations from this and other disclosed arrangements
and operations are possible. For example, elements or opera-
tions could be added, removed, combined, distributed, or
otherwise modified. In addition, operations described as
being performed by one or more entities could be 1mple-
mented 1n various ways, such as by a processor executing
instructions stored in non-transitory data storage, along with
associated circuitry or other hardware, for instance.

As shown in FIG. 1, the example wireless communication
system includes a base station 12 having an antenna array 14
through which to serve UEs 16 over an air interface 18.

Base station 12 could take various forms. For example,
the base station could be a macro base station of the type that
would typically include a tower mounted antenna structure
for providing a broad range of coverage. Or the base station
could be a small cell base station, femtocell base station,
relay base station, or other type of base station that might
have a smaller form factor with an antenna structure that
provides a narrower range ol coverage.

Base station 12 1s shown coupled with an example core
network 20. Core network 20 could be an evolved packet
core (EPC) network, a next generation core (NGC) network,
or another network including components supporting an
applicable radio access technology and providing connec-
tivity with at least one transport network 22, such as the

Internet. Further, the core network could support packet-
based communication and communication interfaces
between various entities.

In an example implementation, the core network 20
includes a serving gateway (SGW) 24, a packet data network
gateway (PGW) 26, and a mobility management entity
(MME) 28. As ShOWIl for instance, the base station could be
interfaced with the SGW and with the MME, the MME
could be interfaced with the SGW, the SGW could be
interfaced with the PGW, and the PGW could provide
connectivity with the transport network. With this arrange-
ment, the SGW and PGW could cooperatively provide
user-plane connectivity between the base station and the
transport network, to enable a UE served by a base station
to engage 1n communication on the transport network. And
the MME could operate as a controller to carry out opera-
tions such as coordinating UE attachment and setup of
user-plane bearers.

Further, the example core network 20 could include an
clement management system (EMS) 30, which could func-
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6

tion to recerve and store operational data regarding various
clements of the system and to direct associated changes 1n
operation. In practice, the base station could have an inter-
face with the EMS as shown and could report to the EMS
certain operational data, such measurements of the base
station’s air-interface resource utilization per unit time and
per time of day, among other possibilities. Further, the EMS
could be configured with a processing unit programmed to
evaluate various operational data and to responsively man-
age network elements, such as to direct changes 1n configu-
ration of the base station.

As noted above, the air interface between the base station
and UEs served by the base station could be provided on one
or more carriers and, on each carrier, could be structured to
define various air-interface resources.

By way of example, 1n the time domain, the air interface
on each carrier could define a continuum of 10-millisecond
(ms) frames, each divided into ten 1-ms subirames, and each
subirame could be further divided mmto a number of
timeslots, each additionally divided into symbol time seg-
ments. And 1n the frequency domain, the frequency band-
width of each carrier could be divided 1nto subcarriers with
specified subcarrier spacing on the order of 15 to 240 kHz.
With this arrangement, as noted above, the air mterface on
cach carrier would define an array of resource elements each
occupying a subcarrier a symbol time segment, and the base
station and UEs could communicate with each other through
modulation of the subcarriers to carry data 1n those resource
clements. Variations of this arrangement are possible as
well.

Further, particular sets of resource elements on the air
interface could be grouped together to define the PRBs
discussed above. In an example implementation, each PRB
could span one timeslot 1n the time domain and a group of
subcarriers in the frequency domain. Depending on the
carrier bandwidth, the air interface could thus support a
certain number of such PRBs across the bandwidth of the
carrier within each timeslot.

In addition, certain resource elements could be reserved
for special uses. On the downlink for instance, resource
clements of the first one, two, or three symbol time segments
per subirame could be generally reserved to define a down-
link control region for carrying control signaling such as
scheduling directives and acknowledgements from the base
station to UEs. And resource elements of the remaining
symbol time segments per subiframe could be generally
reserved to define a downlink shared channel 1n which the
PRBs could carry scheduled data communications from the
base station to UEs. Further, certain resource elements in
cach downlink subirame or in particular downlink sub-
frames could be reserved to carry special signals, such as
synchronization signals, broadcast-channel signals, and—of
particular interest for the present disclosure—relerence sig-
nals.

When a UE enters 1into coverage of the base station on a
carrier, the UE could detect threshold strong coverage of a
base station (e.g., a threshold strong reference signal broad-
cast by the base station) and could then engage 1n random-
access and Radio Resource Control (RRC) signaling with
the base station to establish an RRC connection through
which the base station will then serve the UE.

In addition, once the UE 1s connected with the base
station, the UE could then transmit to the base station an
attach request iI appropriate, which the base station could
torward to the MME {for processing. And after authenticat-
ing the UE, the MME could coordinate setup for the UE of
a user-plane bearer between the base station and the PGW,
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to enable the UE to engage in communication on the
transport network. Further, the base station could coordinate
setup for the UE of a corresponding data radio bearer
between the UE and the base station, and the base station
could record the operational state of the UE. 5

Once the UE 1s so connected and attached, the base station
could then serve the UE with data communications. On the
downlink, for instance, when data arrives at the base station
for transmission to the UE, the base station could select one
or more downlink PRBs 1n a subframe for use to transmit at 10
least a portion of the data, defining a transport block, to the
UE. The base station could then transmit to the UE 1n the
control region of that subframe a Downlink Control Infor-
mation (DCI) message that designates the PRBs, and the
base station could accordingly transmit the transport block 15
to the UE 1n those designated PRBs, modulating the data on
subcarriers of the resource elements of the PRBs.

As the base station serves one or more RRC-connected
UEs, the base station could fairly allocate the downlink
PRBs of its air interface for use to carry data to the UEs, 20
assigning PRBs to individual UEs or, using MU-MIMO, to
groups of UEs as necessary. As a result, the base station’s air
interface may have varying extents of load.

The base station’s air-interface load could be defined in
terms of the quantity of PRBs or other resources of the 25
air-interface that are allocated and used for carrying user
data (e.g., downlink packet-data or other scheduled down-
link communications) per unit time, such as per subirame,
frame, or sliding window of time. For instance, the load
could be defined 1 terms of a percentage of the air- 30
interface’s downlink PRBs that the base station allocates per
unit time. Alternatively or additionally, the load could be
defined 1n terms of how much data the base station has
buflered per unit time awaiting downlink transmission and/
or how much time the base station has buffered such data 35
before transmitting 1t, as a greater extent of data bullering
could correspond with higher air-interface resource utiliza-
tion and associated lower resource availability. Other load
metrics could be possible as well.

In practice, the base station could keep track of its 40
air-interface load and could report 1ts air-interface load to the
EMS. Further, the base station and/or EMS could statisti-
cally roll up the load data to establish statistical measures of
the base station’s air-interface load on a per time-of-day
basis or the like. Such measures could then be used as a basis 45
to predict that at a given time of day, a given base station 1s
likely to have a particular level of air-interface load. For
instance, the measures could be used as a basis to predict that
at a current time of day, the base station 1s likely to have a
predefined threshold high level of air-interface load (e.g., 50
having PRB utilization that 1s greater than a threshold
percentage deemed to represent threshold high load). Fur-
ther, scheduled events and/or other factors may be used as a
basis to predict when a base station 1s likely to have
threshold high air-interface load. 55

As noted above, the base station 1s configured to engage
in air-interface communication through an antenna array 14,
which could comprise multiple transmit antennas and mul-
tiple receive antennas. FIG. 2 depicts two examples of such
an antenna array. 60

In FIG. 2, each illustrated X represents two antennas (or
antenna elements), one with positive polarization and one
with negative polarization. With each such arrangement,
some ol the antennas might be configured as transmit
(downlink) antennas, and others might be configured as 65
receive (uplink) antennas. For instance, all of the antennas
with positive polarization might be configured as transmit
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antennas, and all of the antennas with negative polarization
might be configured as receive antennas.

In particular, FIG. 2A 1llustrates an example antenna array
having a single column of antennas including four antennas
with positive polarization and four antennas with negative
polarization, so that the array might be configured to have
four transmit antennas and four receive antennas. And FIG.
2B illustrates a massive-MIMO array having eight columns
of antennas with each column including eight antennas with
positive polarization and eight antennas with negative polar-
ization, so that the array might be configured to have 64
transmit antennas and 64 receive antennas. Other array
configurations are possible as well.

With a representative antenna array, each transmit antenna
could have 1ts own respective amplifier for amplifying RF
signals to be transmitted by the antenna, or groups of
antennas may be grouped together and served by a common
amplifier (which might be configured to amplify RF signals
separately destined to individual antennas or sub-groups of
antennas within the group). Further, the base station could be
configured to dynamically control these amplifiers, 1n order
to control the level of amplification or, for present purposes,
to selectively disable and enable certain antennas to help
control air-interface utilization.

FIG. 3 1s a smmplified circuit diagram depicting an
example RF chain that could be provided for a respective
antenna structure, such as for a single antenna or a group of
antennas.

As shown 1n FIG. 3, the example RF chain includes a
radio 32, an RF amplifier 34, and an antenna structure 36.
Radio 32 could operate to modulate signals onto an RF
carrier, RF amplifier 34 could then operate to amplity the
modulated RF carrier, and antenna structure 36 could oper-
ate to transmit the amplified RF carrier over the air for
receipt by one or more UFEs.

As further shown, the RF amplifier could include (or
otherwise interoperate with) a power supply 38, which could
be connected with an alternating-current power source and
could supply power to drive the RF amplifier. And the base
station could include a controller 40 1n communication with
the RF amplifier, to control the level of amplification pro-
vided by the amplifier and to turn the amplifier on and ofl
when desired. Powermg oflf the amplifier could mvolve
cllectively opening a circuit between the amplifier and 1ts
power supply 38, so that the power supply does not supply
power to the amplifier, or powering off the amplifier could
be accomplished 1n other ways. Further, note that the RF
amplifier could be configured as a matched load for down-
link signaling from the radio while the RF amplifier is
powered ofl, so as to dissipate downlink RF signals and help
avoild RF reflections.

As also noted above, to facilitate MIMO service or the
like, the base station could be configured to transmit from
cach of its transmit antennas a respective reference signal
that UEs could use as a basis to provide associated channel
estimates. Further, as indicated above, each such reference
signal could occupy respective resource elements of the base
station’s air interface, which means that the more transmait
antennas the base station uses, the more resource elements
of the air interface may be consumed by the associated
reference signals and may therefore be unavailable for other
use such as to carry scheduled data communications.

FIG. 4 1s a simplified illustration of a portion of an
example subirame, to help show how the level of resource-
clement consumption could increase as the base station uses
more transmit antennas. In particular, FIG. 4 depicts the
example subiframe as defining an array of resource elements,
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where each PRB spans 7 resource elements in time and 12
resource elements in frequency, thus encompassing 84
resource elements. And FIG. 4 shows varying example
resource-clement consumption resulting from reference sig-
nals transmitted respectively in a 1-antenna configuration, in
a 2-antenna configuration, and 1n a 4-antenna configuration.

As shown i FIG. 4, 11 the base station uses just one
transmit antenna and provides an associated reference sig-
nal, that reference signal might consume four resource
clements per PRB, thus about 5% of the air-interface capac-
ity. Whereas, 11 the base station uses two transmit antennas
and provides a reference signal respectively per transmit
antenna, those reference signals might cooperatively con-
sume 8 resource elements per PRB, thus about 9% of the
air-interface capacity. And 11 the base station uses four
transmit antennas and provides a reference signal respec-
tively per transmit antenna, those reference signals might
cooperatively consume 12 resource elements per PRB, thus
about 14% of the air-interface capacity. Extrapolating this to
the massive-MIMO array of FIG. 2B, 11 the base station were
to use 64 transmit antennas and were to provide a reference
signal respectively for each such transmit antenna, depend-
ing on how the reference signals were configured, they
might cooperatively consume on the order of 48% of the
air-interface capacity.

As noted above, to help limit such resource consumption
at times when the base station’s air interface 1s highly loaded
(e.g., 1n terms of PRB utilization or extent of data builering),
the base station could dynamically control the number of
transmit antennas that it uses.

In particular, when the air iterface i1s threshold highly
loaded, the base station could responsively reduce the num-
ber of transmit antennas that the base station uses, so as to
reduce the number of associated reference signals that the
base station transmits and to thereby help to reduce the
extent ol associated resource consumption and to increase
air-interface capacity. Whereas, when the air interface 1s not
threshold highly loaded, the base station could responsively
increase the number of transmit antennas that the base
station uses, such as by reverting to a default number of
antennas that the base station used before a reduction.

The base station could control the number of transmit
antennas that it uses by selectively powering on or off
various associated RF amplifiers or in another manner, as
noted above.

Further, the base station could be set with configurable
thresholds of 1ts air-interface load and with corresponding
numbers of transmit antennas to use per level of load, and
the base station could apply those thresholds and accord-
ingly control the number of transmit antennas that 1t uses. Or
the EMS or another such entity could be configured with
such thresholds and to apply those thresholds and accord-
ingly direct and thus cause the base station to change 1its
number of transmit antennas when appropriate.

For example, with the arrangement of FIG. 2A, the base
station could (1) by default use all four of 1ts transmait
antennas, (11) use just two of its transmit antennas by
powering oil the other two transmit antennas in response to
its actual or predicted PRB-utilization being above 75%, and
(111) revert to using all four of 1its transmit antennas by
powering back on those two transmit antennas in response
its actual or predicted PRB-utilization dropping to below
715%, with possibly hysteresis. And as another example, with
the arrangement of FIG. 2B, the base station could (1) use all
64 of 1ts transmit antennas when 1ts actual or predicted
PRB-utilization 1s below 30%, (11) use just 32 of 1ts transmuit
antennas when to its actual or predicted PRB-utilization 1s
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between 30% and 50%, (111) use just 16 of 1ts transmit
antennas when its actual or predicted PRB-utilization 1is
between 350% and 75%, and so forth. Of course, numerous
other examples are possible as well.

FIG. § 1s next a flow chart depicting an example method
that can be carried out in accordance with the present
disclosure to control use of an air interface on which a base
station 1s configured to serve UEs, where the air interface
occupies one or more carriers and defines air-interface
resources, and where the base station provides service on the
air interface using a number of transmit antennas. This
method could be carried out by a computing system, such as
by the base station or by the EMS or other entity in
cooperation with the base station.

As shown 1n FIG. 5, at block 50, the method includes a

computing system determining that load on the air interface
1s predefined threshold high. And at block 52, the method

includes, based on the determining, the computing system
reducing the number of transmit antennas that the base
station uses for providing service on the air interface. In at
block 54, the method includes, after reducing the number of
transmit antennas, the computing system further determin-
ing that load on the air interface 1s no longer predefined

threshold high. And at block 56, the method includes, based
on the further determining, the computing system increasing

the number of transmit antennas that the base station uses for
providing service on the air interface.
In line with the discussion above, the air-interface

resources defined by the air interface could comprise PRBs,

and the predefined threshold high load could comprise
predefined threshold high PRB-utilization. Alternatively or
additionally, the base station could be configured to builer

data for transmission on the air interface, and the act of
determining that load on the air interface 1s predefined

threshold high could involve detecting predefined threshold

high extent of the buflering. Further, as discussed above, the
act of detecting that load on the air interface 1s predefined
threshold high could mvolve predicting the predefined
threshold high load and/or determining that actual load on
the air interface 1s predefined threshold high.

In addition, as discussed above, the act of reducing the
number of transmit antennas could involve causing the base
station to disable one or more of the transmit antennas. And
the base station could be configured with an antenna array
such as a massive-MIMO antenna array, 1n which case the
act of reducing the number of transmit antennas could
involve reducing an eflective size of the base station’s
antenna array.

Further, as discussed above, from each transmit antenna
that the base station uses for providing service on the air
interface, the base station could transmit a respective refer-
ence signal that consumes resource elements of the air
interface, 1n which case reducing the number of transmit
antennas that the base station uses for providing service on
the air interface could result 1n reducing a number of
associated reference signals that the base station transmits
and thus reducing resource-element consumption.

Still turther, as noted above, the computing system could
be provided as part of the base station and/or external to the
base station (e.g., at an EMS or other entity). And 1f the
computing system 1s provided at least partly external to the
base station, the act of the base station reducing the number
of transmit antennas that the base station uses for providing
service on the air iterface could involve transmitting to the
base station a directive to which the base station 1s config-
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ured to respond by reducing the number of transmit antennas
that the base station uses for providing service on the air
interface.

FIG. 6 1s next a flow chart depicting an example method
that can be carried out in accordance with the present
disclosure to control use of an air interface on which a base
station 1s configured to serve UEs, where the air interface
occupies one or more carriers and defines PRBs, and where
the base station provides service on the air interface using a
number of transmit antennas, such as antennas of a massive-
MIMO antenna array for instance.

As shown 1n FIG. 6, at block 60, the method includes the
base station providing MIMO service on the air interface
using a plurality of transmit antennas, where the base station
transmits from each transmit antenna a respective reference
signal to facilitate downlink channel estimation for the
transmit antenna (1.e., for transmission from the transmit
antenna) and where each reference signal consumes resource
elements of the air interface. At block 62, the method then
includes determining that PRB-utilization of the air interface
1s predefined threshold high. And at block 64, the method
includes, responsive to the determining, the base station
disabling a proper subset of the transmit antennas, such that
the base station then provides the MIMO service on the air
interface using a remainder of the transmit antennas rather
than using the plurality of transmit antennas. As discussed
above, disabling the proper subset of the transmit antennas
could thereby result 1n reducing a number of associated
reference signals that the base station transmits and thus
reducing resource-element consumption.

In line with the discussion above, this method could
turther include, after disabling the proper subset of the
transmit antennas, further determining that PRB-utilization
of the air iterface 1s no longer predefined threshold high
and, based on the further determiming, re-enabling by the
base station the disabled transmit antennas.

Further, the method could additionally include the base
station maintaining a mapping between levels of PRB-
utilization and associated quantities of the transmait antennas
to be used—such as by being programmed with the mapping,
and/or configured with reference data defining the mapping,
among other possibilities. And the method could include the
base station referring to the mapping 1n order to determine
a quantity of the transmit antennas to be used given a current
PRB-utilization of the air interface. Further, the method
could include, based on the determined quantity, the base
station deciding to carry out the disabling of the proper
subset of the transmit antennas so as to leave as remaining
enabled transmit antennas the determined quantity of trans-
mit antennas.

Finally, FIG. 7 1s a simplified block diagram of an
example system for controlling use of an air iterface on
which a base station 1s configured to provide service, where
the base station includes a plurality of transmit antennas. In
line with the discussion above, this system could be imple-
mented at the base station, at the EMS, and/or at one or more
other entities.

As shown m FIG. 7, the example system includes a
processing unit 70 (e.g., one or more general purpose
processors and/or dedicated processors), non-transitory data
storage 72 (e.g., one or more volatile and/or non-volatile
storage components, such as magnetic, optical, or flash
storage), and program 1instructions 74 stored in the non-
transitory data storage 72 and executable by the processing,
unit 70 to carry out various operations described above.

Exemplary embodiments have been described above.
Those skilled 1n the art will understand, however, that
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changes and modifications may be made to these embodi-
ments without departing from the true scope and spirit of the
invention. Further, it should be understood that various
embodiments described above could be combined together,
with features of one or more embodiments being carried out

in the context of one or more other embodiments, and vice
versa.

We claim:

1. A method of controlling use of an air interface on which
a base station 1s configured to serve user equipment devices
(UEs), wherein the air interface defines air-interface
resources, and wherein the base station provides service on
the air interface using transmit antennas, the method com-
prising;:

determiming by a computing system a level of load on the

air interface, wherein determining the level of load on
the air interface comprises predicting the level of load
on the air interface, and wherein predicting the level of
load on the air interface comprises (1) tracking utiliza-
tion of the air-interface resources per time of day, (11)
based on the tracking, developing a prediction of what
the utilization will be per time of day, and (111) applying
the developed prediction to determine, as the level of
load on the air interface, the utilization at a current or
approaching time of day;

based on the determined level of load, determining by the

computing system a number of transmit antennas that
the base station should use for providing service on the
air interface, wherein the determined number of trans-
mit antennas 1s mnversely proportional to the determined
level of load; and

causing the base station to use the determined number of

transmit antennas for use 1n providing service on the air
interface.

2. The method of claim 1, wherein causing the base
station to use the determined number of transmit antennas
for providing service on the air interface comprises causing
the base station to transition from using a number of transmit
antennas that 1s different than the determined number to
using the determined number of transmit antennas.

3. The method of claim 1, wherein the air-interface
resources comprise physical resource blocks (PRBs), and
wherein the predefined threshold high load comprises pre-
defined threshold high PRB-utilization.

4. The method of claim 1, wherein the base station 1s
configured to bufler data for transmission on the air inter-
face, and wherein determining the level of load on the air
interface 1s based on an extent of the bullering.

5. The method of claim 1, wherein the base station i1s
configured with an antenna array, and wherein causing the
base station to use the determined number of transmit
antennas for use in providing service on the air interface
comprises configuring an effective size of the antenna array.

6. The method of claim 5, wherein the antenna array 1s a
massive multiple-input-multiple-output (massive-MIMO)
antenna array.

7. The method of claim 1, wherein from each transmit
antenna that the base station uses for providing service on
the air interface, the base station transmits a respective
reference signal that consumes resource elements of the air
interface, so the determined number of transmit antennas
will correspond to a number of associated reference signals
that the base station will transmit and will thus correspond-
ing to a level of resource-clement consumption.

8. The method of claim 1, wherein the computing system
1s part of the base station.
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9. The method of claim 1, wherein the computing system
1s provided external to the base station, wherein causing the
base station to use the determined number of transmit
antennas for use in providing service on the air interface
comprises transmitting to the base station a directive to
which the base station 1s configured to respond by config-
uring itself to use the determined number of transmit anten-
nas for providing service on the air interface.
10. The method of claam 1, wherein the air interface
occupies a plurality of carriers.
11. A method for controlling use of an air interface on
which a base station 1s configured to serve user equipment
devices (UEs), wherein the air interface defines physical
resource blocks (PRBs), the method comprising:
providing by the base station multiple-input-multiple-
output (MIMO) service on the air interface using a
plurality of transmit antennas, wherein the base station
transmits from each transmit antenna a respective ret-
erence signal to facilitate downlink channel estimation
for the transmit antenna, and wherein each reference
signal consumes resource elements of the air interface;

determining a level of PRB-utilization of the air interface,
wherein determining the level of PRB-utilization of the
air interface comprises predicting the level of PRB-
utilization of the air interface, and wherein predicting
the level of PRB-utilization of the air interface com-
prises (1) tracking PRB-utilization of the air interface
per time of day, (11) based on the tracking, developing
a prediction of what the PRB-utilization will be per
time of day, and (111) applying the developed prediction
to determine the PRB-utilization at a current or
approaching time of day; and

determining, based on the determined level of PRB-

utilization of the air interface, a quantity of the transmit
antennas that the base station should use for providing
the MIMO service, with the determined quantity of
transmit antennas being inversely proportional to the
determined level of load, wherein the base station then
provides the MIMO service on the air interface using
the determined quantity of the transmit antennas.

12. The method of claim 11, wherein the plurality of
transmit antennas are of a massive-MIMO antenna array.

13. The method of claim 11, wherein the air interface
spans a plurality of carriers.

14. The method of claim 11, further comprising main-
taining a mapping between levels of PRB-utilization and
associated quantities of the transmit antennas to be used,
wherein determining the quantity of the transmit antennas
that the base station should use for providing the MIMO
service comprises referring to the mapping to determine the

quantity.

5

10

15

20

25

30

35

40

45

50

14

15. A system for controlling use of an air interface on
which a base station 1s configured to provide service,
wherein the base station includes a plurality of transmit
antennas, wherein the air interface defines air-interface
resources, the system comprising:

a processing unit;
non-transitory data storage; and

program 1nstructions stored in the non-transitory data
storage and executable by the processing unit to carry
out operations including;:

determining a level of load on the air interface, wherein

determining the level of load on the air interface

comprises predicting the level of load on the air

interface, and wherein predicting the level of load on
the air interface comprises (1) tracking utilization of
the air-interface resources per time of day, (11) based
on the tracking, developing a prediction of what the
utilization will be per time of day, and (111) applying
the developed prediction to determine, as the level of
load on the air interface, the utilization at a current
or approaching time of day,

based on the determined level of load, determining a
number of transmit antennas that the base station
should use for providing service on the air interface,
wherein the determined number of transmit antennas
1s mversely proportional to the determined level of
load, and

causing the base station to use the determined number
of transmit antennas for use 1n providing service on
the air interface.

16. The system of claim 135, wherein causing the base
station to use the determined number of transmit antennas
for providing service on the air interface comprises causing
the base station to transition from using a number of transmit
antennas that 1s different than the determined number to
using the determined number of transmit antennas.

17. The system of claim 15, wherein the base station 1s
configured to buller data for transmission on the air inter-
face, and wherein determining the level of load on the air
interface 1s based on an extent of the buflering.

18. The system of claim 15, wherein the base station 1s
configured with an antenna array, and wherein causing the
base station to use the determined number of transmit
antennas for use in providing service on the air interface
comprises configuring an effective size of the antenna array.

19. The system of claim 15, wherein the system 1s
provided at the base station.
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